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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The inorganic solid electrolyte thin film characterized by containing the component shown in 
D from the following A. 

A: lithium B: - one or more kinds of element Crsulflir D: chosen from the group which consists of 
Lynn, silicon, boron, germanium, and a gallium silver [claim 2] The inorganic solid electrolyte thin 
film according to claim 1 with which said inorganic solid electrolyte thin film is characterized by 
including either [ at least ] oxygen or nitrogen further. 

[Claim 3] The inorganic solid electrolyte thin film according to claim 1 or 2 with which the silver 
contained in said inorganic solid electrolyte thin film is characterized by being below 2 atom %. 
[Claim 4] The inorganic solid electrolyte thin film according to claim 1 or 2 with which the silver 
contained in said inorganic solid electrolyte thin film is characterized by being below 0.5 atom %. 
[Claim 5] An inorganic solid electrolyte thin film given in either of claims 1-4 to which said inorganic 
solid electrolyte thin film is characterized by the amorphous thing. 

[Claim 6] An inorganic solid electrolyte thin film given in either of claims 1-5 to which ionic 
conductivity of said inorganic solid electrolyte thin film is characterized by being 1x10 to 3 or more 
S/cm at 25 degrees C. 

[Claim 7] An inorganic solid electrolyte thin film given in either of claims 1-6 characterized by the 
activation energy of said inorganic solid electrolyte thin film being 30 or less kJ/mol. 
[Claim 8] An inorganic solid electrolyte thin film given in either of claims 1-7 by which the formation 
approach of said inorganic solid electrolyte thin film is being [ they / sputtering, vacuum deposition, 
laser ablation, or ion plating ] characterized. 

[Claim 9] The lithium cell member characterized by having the layered product by which the inorganic 
solid electrolyte thin film of a publication was formed on the metal containing a lithium metal or a 
lithium at either of claims 1-8. 

[Claim 10] The lithium cell member according to claim 9 characterized by using said layered product for 
the negative electrode of a lithium secondary battery. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the lithium cell member which used an inorganic solid 

electrolyte thin film and it. 

[0002] 

[Description of the Prior Art] Utilization of the lithium secondary battery which used the organic 
electrolytic solution is progressing. The place by which it is characterized [ the ], as compared with other 
cells, it is that unit volume or the energy output per unit weight is high, and utilization development is 
furthered as mobile communications, a notebook computer, or a power source for electric vehicles. 
[0003] 

[Problem(s) to be Solved by the Invention] However, when the ionic conductivity of an inorganic solid 
electrolyte is low, there is a problem that internal resistance becomes high and the flow of ion does not 
become uniform. Therefore, as for the ionic conductivity of an inorganic solid electrolyte, it is desirable 
that they are it of the organic electrolytic solution and more than an EQC. 

[0004] Moreover, since, as for a cell, use in an about -20-degree C environment is also assumed, it is 
desired for the fall of the ionic conductivity of the" solid electrolyte by the fall of temperature to be small 
as much as possible, i.e., for activation energy to be small. 

[0005] The key objective of this invention has the ionic conductivity in a room temperature in offering 
an inorganic solid electrolyte thin film with small activation energy, and the lithium cell member using it 
highly. 
[0006] 

[Means for Solving the Problem] This invention attains the above-mentioned purpose by adding silver to 
an inorganic solid electrolyte thin film. That is, the inorganic solid electrolyte thin film of this invention 
is characterized by including the component shown in following A-D. 

A: lithium B: - one or more kinds of element C:sulfur D: chosen from the group which consists of 
Lynn, silicon, boron, germanium, and a gallium - silver [0007] By containing silver in an inorganic 
solid electrolyte thin film, ionic conductivity improves and activation energy falls. This is presumed 
because more suitable sites which a lithium ion conducts are offered when the silver of a minute amount 
enters. 

[0008] As an inorganic solid electrolyte, the acid nitride system and oxysulfide system which are a 
sulfide system, an oxide system, nitride systems, and such mixed stock can be considered. As a sulfide, 
the compound of Li2S and Li2S, and SiS2, GeS2 and Ga2S3 etc. is mentioned. As an acid nitride, 
U3P04-XN 2X/3, Li4Si04-XN 2X/3, Li4Ge04-XN 2X/3 (0< X<4), Li3B03-XN 2X/3 (0< X<3), etc. 
are mentioned. 

[0009] A silver content is more preferably made below into 0.5 atom % below 2 atom %. Even if it 
contains more silver than 2 atom %, it is because improvement in ionic conductivity and reduction of 
activation energy can seldom expect but will contain silver superfluously. Especially, improvement in 
ionic conductivity and the reduction effectiveness of activation energy are acquired also with the content 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/26/06 



JP,2002-203593,A [DETAILED DESCRIPTION] 



Page 2 of 5 



below 0.5 atom %. A silver lower limit is more than 0.01 atom %. It is because improvement in ionic 
conductivity and the reduction effectiveness of activation energy are inadequate if it is under 0.01 atom 

%. 

[0010] In addition, in the front face of a lithium metal, it becomes easy to form an inclination 
presentation layer by containing sulfur. An inclination presentation layer is a layer with which the 
lithium metal and the lithium content inorganic compound were mixed. If this is formed in the interface 
of a lithium metal, it can prevent making a clearance to the interface of a lithium metal and a solid 
electrolyte thin film, the organic electrolytic solution's permeating in the case of a deposit and the 
dissolution of the lithium metal in the negative electrode at the time of charge and discharge, and a solid 
electrolyte thin film exfoliating at it. 

[001 1] Furthermore, it also became clear by containing at least one side of oxygen and nitrogen that the 
effectiveness was strengthened. Oxygen or nitrogen has high reactivity with a lithium metal, and this is 
for combining an inorganic solid electrolyte thin film and a lithium metal more firmly. Moreover, high 
ionic conductivity called ten to 3 order is realizable with one [ at least ] content of oxygen and nitrogen. 
This is considered to originate in the polarity between the elements to constitute, and the effectiveness of 
distorted installation. And there is effectiveness also in controlling especially the high hygroscopicity 
which is the fault of an oxysulfide system electrolyte thin film. 

[0012] As for the lithium element content in an inorganic electrolyte thin film, it is desirable that it is 
below 75 atom % above 30 atom %. Under by 30 atom %, ionic conductivity becomes low and forms 
high resistance. Moreover, the adhesion of an inorganic solid electrolyte thin film and a lithium metal 
layer falls, although the adhesion of an inorganic solid electrolyte thin film and a lithium metal layer 
improves by the presentation exceeding 75 atom % on the other hand — an inorganic solid electrolyte 
thin film - polycrystal-izing - and it porosity-izes and formation of the continuation film of a precise 
inorganic solid electrolyte becomes difficult. Moreover, electronic conduction nature is discovered, 
when a cell is constituted, an internal short circuit is caused, and the cell engine performance is reduced. 
Therefore, as for an electrolyte thin film, it is desirable that it is an amorphous object. 
[0013] In components other than the lithium of an inorganic solid electrolyte, it is suitable to contain one 
or more kinds of elements (for these elements to be hereafter called an "alloying element") chosen from 
the group which consists of Lynn, silicon, boron, germanium, and a gallium, and to contain sulfur. 
Although it is effective that it is an amorphous object as for an inorganic solid electrolyte, an "alloying 
element" can constitute the network structure through sulfur, and can supply the site of the magnitude 
possible forming this amorphous frame and optimal for a lithium ion conducting. Moreover, an 
"alloying element" can electrify the negative charge of the optimal reinforcement for catching the 
lithium ion which is positive charge about the sulfur atom of the end of an amorphous frame. That is, the 
end sulfur atom of this negative charge serves to help conduction of a lithium ion, without catching the 
lithium ion of positive charge gently moderately, and fixing firmly superfluously. 
[0014] As for the thickness of the electrolyte thin film of this invention, it is desirable to be referred to 
as 50 micrometers or less by 50nm or more. Although control of contact to the positive electrode by the 
covering effect on the front face of a negative electrode and the reaction depressor effect with the 
electrolytic solution become still higher when thickness exceeds 50 micrometers, since resistance 
becomes high, the cell engine performance is reduced. In addition, the time amount and energy which 
are required for forming the film become large too much, and are not practical. Especially, resistance of 
the ionic conduction of an electrolyte thin film becomes high, and the problem which cannot take the 
large output current arises. 

[0015] Moreover, it becomes difficult to control formation of a pinhole to the electrolyte of a thin film, 
when thickness is less than 50nm, when the positive electrode containing the organic electrolytic 
solution is used, the electrolytic solution from a positive electrode advances into a negative-electrode 
front face through a pinhole, and the problem which makes formation of a dendrite cause by the reaction 
with a negative electrode arises. 

[0016] Especially the manufacture approach of inorganic ************ 0 f this invention is not limited. 
It can form using a well-known manufacturing technology. For example, sputtering, vacuum deposition, 
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laser ablation, or ion plating is suitable. 

[0017] The inorganic solid electrolyte thin film of this invention can be put between a positive electrode 
and a negative electrode, can constitute a layered product, and can use it as a lithium cell by containing 
and obturating this layered product in a cell case. If it explains to a detail more, a negative electrode will 
be first joined to a negative-electrode charge collector, the solid electrolyte thin film of the inorganic 
system which does not contain the organic electrolytic solution will be formed on a negative electrode, 
and the zygote of a negative electrode and an electrolyte thin film will be produced. Furthermore, the 
positive-electrode ingredient containing an organic macromolecule is formed on a positive-electrode 
charge collector, and it considers as a positive electrode. These zygotes and positive electrodes are 
coalesced and a lithium secondary battery is produced. Moreover, a separator may be formed between a 
positive electrode and a solid electrolyte thin film. The detail of each configuration member is as 
follows. 

[0018] The metallic foil of******** can be used for a negative-electrode charge collector. 
[0019] Of course, the lithium metal itself can also use a lithium alloy that a negative electrode should 
just be an ingredient containing a lithium. As an example of a lithium alloy, an alloy with In, Ti, Zn, Bi, 
Sn, etc. is mentioned. Moreover, metal thin films, such as the metal which forms a lithium, an alloy, or 
an intermetallic compound in the front face of this lithium content ingredient, for example, aluminum, 
In, Bi, Zn, Pb, etc., may be formed. By using the negative electrode which consists of this metal thin 
film and a lithium content ingredient, migration of the lithium metal at the time of charge and discharge 
becomes smooth, and the use thickness of a lithium metal increases. Moreover, deformation of the 
negative electrode at the time of charge and discharge becomes homogeneity, and distortion by the 
electrolyte thin film can be reduced. 

[0020] It has the pore which a lithium ion can move in a separator, and what was insoluble to the 
organic electrolytic solution and was stabilized in it is used for it. For example, the nonwoven fabric and 
porosity material which were formed from polypropylene, polyethylene, a fluororesin, polyamide resin, 
etc. can be used. In addition, the metallic-oxide film which has pore is sufficient. 
[0021] What contained the active material in the binder of an organic giant molecule is suitable for the 
quality of the material of a positive electrode, it was chosen from the group which consists of the 
polyacrylonitrile system giant molecule, polyethylene oxide system giant molecule, and polyvinylidene 
fluoride system giant molecule containing organic solvents, such as ethylene carbonate, propylene 
carbonate, or dimethyl carbonate, as a binder ~ a kind is suitable at least, moreover — an active material 
- LixCo02 and LixMn2 - 04 and LixNi02 (0< X<1) - a kind is suitable at least. Furthermore, in order 
to give electronic conductivity, it is desirable to mix carbon powder. 

[0022] It may mainly limit to the surroundings of the active material in a positive electrode, and the 
organic electrolytic solution may be made to contain from the practical standpoint on the engine 
performance of a cell. As an advantage of this type of lithium secondary battery, there are reduction of 
the amount of organic electrolytic solutions, control of the dendritic growth of the metal lithium to a 
negative electrode, control of contact to the positive electrode by the covering effect on the front face of 
a negative electrode, and reaction control with the electrolytic solution. 
[0023] Copper foil, aluminum foil, etc. are suitable for a positive-electrode charge collector. 
[0024] It is not necessary to use a lithium content ingredient for a negative electrode from the beginning, 
and as other cell structures, even if it is the structure which formed the inorganic solid electrolyte thin 
film directly on the negative-electrode charge collector, the engine performance of a lithium secondary 
battery is fully demonstrated. That is, lithium component sufficient in a positive electrode is contained, 
and it becomes possible to store a lithium metal between a negative-electrode charge collector and an 
inorganic solid electrolyte thin film at the time of charge. 

[0025] What was made into the shape of a cylinder may be used by carrying out the laminating of a 
negative electrode besides the laminating mold carbon button cell mentioned above, an electrolyte thin 
film, and the positive electrode, and rolling them as cell structure of further others. 
[0026] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
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The inorganic solid electrolyte thin film with a thickness of 1 micrometer was formed on the substrate of 
a lithium metal by <example 1> sputtering, vacuum deposition, laser ablation, and the all directions 
method of ion plating. Silver addition was performed by using end of silver dust (or silver granule), or 
silver-oxide powder for a target or a vacuum evaporationo raw material. And presentation of a thin film 
and evaluation of ionic conductivity and activation energy were performed. The presentation of a thin 
film analyzed by EPMA (Electron Probe MicroAnalyzer). In 25 degrees C, ionic conductivity formed 
the tandem-type electrode on the thin film, and evaluated it by measuring complex impedance. 
Activation energy was evaluated by measuring the temperature change of ionic conductivity. 
Furthermore, it was checked for any thin film only by the halo pattern as a result of X diffraction 
measurement of a thin film that it is an amorphous state. An evaluation result is shown in Table 1 . 
[0027] 
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[0028] No.O is a sample which does not add the silver for a comparison. As shown in Table 1, by adding 
silver, ionic conductivity improved and activation energy has fallen. Below 2 atom % of a silver 
addition is desirable, and a pan understands that below 0.5 atom % is desirable for it. 
[0029] Thickness stuck the lithium metallic foil 2 of the same size on lOOmmxSOmm copper foil 1 
(negative-electrode charge collector) by 50 micrometers by the <example 2> thickness of 30 
micrometers. Instead of sticking copper foil 1 and the lithium metallic foil 2, vacuum deposition of the 
lithium metal may be carried out on copper foil. On this lithium metallic foil 2, the inorganic solid 
electrolyte thin film 3 with a thickness of 1 micrometer was formed on condition that No.6 of Table 1. 
This thin film 3 was also an amorphous state as a result of X diffraction measurement. The mimetic 
diagram of the obtained layered product is shown in drawing 1. 

[0030] Next, the lithium secondary battery which used this layered product for the negative electrode is 
produced. The mixed solution of ethylene carbonate (EC) and propylene carbonate (PC) was heated, 
what dissolved the polyacrylonitrile (PAN) in high concentration was cooled, and EC which LiPF6 is 
dissolving, and PAN which contains PC so much were produced. The carbon particle which gives 
LiCo02 particle used as an active material and electronic conduction nature into this PAN was mixed, 
said quality of mixture was applied by the thickness of 300 micrometers on the aluminum foil (positive- 
electrode charge collector) of 20-micrometer thickness, and it considered as the positive electrode. 
[0031] The negative electrode in which the inorganic solid electrolyte thin film was formed, the 
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separator (porosity polymer film), and the positive electrode were installed in the hermetic container 
made from stainless steel in piles, the organic electrolytic solution made to dissolve one-mol % of LiPF6 
in the mixed solution of ethylene carbonate and propylene carbonate as an electrolysis salt further was 
dropped, and the lithium secondary battery was produced under the argon gas ambient atmosphere of - 
60 degrees C or less of dew-points. 

[0032] The charge-and-discharge property of the produced cell was evaluated. Capacity until an 
electrical potential difference falls to 3.5V by 100mA discharge, using a charge electrical potential 
difference as 4.2V as a result was 0.5Ah(s) (amp-hr). Moreover, energy density was 500Wh(watt- 
hour) /I (liter). By 200 times of the cycle charges and discharges of the still more nearly same 
conditions, most falls of a cell property were not seen and growth of the dendrite from the lithium metal 
of a negative electrode was not seen, either. Moreover, there is also no generating of gas etc. and very 
good stability was shown. 



[Effect of the Invention] As explained above, according to this invention inorganic solid electrolyte thin 
film, the ionic conductivity in a room temperature is high, and can make activation energy small. 
Therefore, by using this electrolyte thin film as a lithium cell member, internal resistance is small and 
the lithium cell which can control the performance degradation by temperature fall can be obtained. 



[Translation done.] 



[0033] 
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